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Microbodies (peroxisomes) constitute a class of eukaryotic subcellular organelles. They are
composed of a homogenous, sometimes crystalline matrix, which is surrounded by a single
membrane. During the last two decades the organelles have been studied extensively.
Enzymes present in microbodies were shown to be involved in a variety of metabolic
pathways. Yeasts offer an attractive model system to study the biogenesis and function of
peroxisomes since in these organisms the number, the volume fraction as well as the protein
composition of the organelles can easily be manipulated, by varying the growth conditions.
Methylotrophic yeasts display the most striking example of peroxisome proliferation; during
growth of these organisms in methanol-limited cultures peroxisomes can constitute of to
8O% of the cell volume. The recent isolation and (phenotypic and genetic) characterization
of a number of yeast mutants (including per mutants of H. polymorpha) affected in
peroxisome biogenesis and function, introduced new possibilities to study the metabolic role
of the organelle.
At the outset of this study little was known about the physiological function and structural
aspects of yeast peroxisomal membranes. H. polymorphawrcchosen as model organism for
these studies. The extensive knowledge on this organism with respect to its physiology,
biochemistry and ultra-structure and the ability of the organism to grow on a range of
carbon and nitrogen sources during which peroxisome proliferation is induced, renders IL
polymorpha an attractive organism to study the functional and structural aspects of the
peroxisomal membrane.
In the introduction (chapter I) the current knowledge and general properties of yeast
peroxisomal membranes is reviewed and a comparison is mtde with peroxisomal membranes
of other sources (mammallsa and plants). The peroxisomal membrane of H. polymorpha
contains various integral peroxisomal membrane proteins (PMPs) which are constitutively
present. Other proteins are only induced during specific growth conditions (chapter ID. An
example of s constitutively expressed PMP is a protein with an apparent molecular mass of
31 kDa (PMP31). This protein has been purified from peroxisomal membranes of 1L
polymorpha and was further functionally cbaractenzrÁ. Liposomes, composed of asolectin,
in which the purified PMP31 was incorporated, were permeable to sucrose, resembling the
observed permeability of intact purified peroxisomal membranes (chapter III). From these
results, together with the measurements of the electrochemical potential (AV) generaled by
potassium diffusion potentials, we concluded that the observed in vitro permeability of yeast
peroxisomal membranes is caused by the presence of PMP31. In chapter IV intact
peroxisomal membranes of H. polymorpha andPMP3l purified from these membranes were
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PMP31 but in contrast 0o its mitochondrial analogue n H. polynorpha which is voltage
dependent, this PMP31 is strictly Ca2+-regulated. At calcium concentrations below 10{M
the porin is predominantly present in the closed state. The physiological calcium
concentrations measured in the cytoplasm of yeast cells is approximately 10'óM. This
indicates a possible regulation by calcium of the porin in vivo. This positive regulation iz
vivo is of importance to explain the simultaneous presence of a proton gradient (ÁpH) across
the peroxisomal membrane and a porin in this membrane. The role of the porin in the
biogenesis and metabolic frrnction of the organelle remains to be clarified.
The physiological function and biogenesis of the peroxisomal membrane was also studied
in peroxisome-deficient (per) of H. polymorpha. Per mutants are phenotypical charac0erized
by the inability to grow on methanol as the sole carbon source (Muf-phenotype) and the
absence of recognizable peroxisomal structures. However, the lack of peroxisomes is not
associaled with a defect of all peroxisomal functions. In chapter V it is shown that per
mutant cells were still able to utilize organic nitrogen (N)-sources like (m)ethylamine and
p-{anins, the metabolism of which is mediated by peroxisomal enzymes in wildtype (Wf)
cells. The peroxisomal matrix enzymes, amins elidase and D-amino acid oxidase, which
are induced during growth on the N-sources mentioned, are present in the cytosol of per
mutants in an active form and with a corÍect native sizp. Their metabolism, peroxisome-
borne in W'T cells, occurs inper mutant cells in the cytoplasm with an efficiency equal 0o
WT cells.
Per mutants are able to utilize ethanol as the carbon source (chapter VI). The key enzymes
of ethanol metabolism (isocitrale lyase and malaOe synthase), normally localized in
microbodies (glyoxysomes), are present in the cytoplasminper mutant cells (in an active
form and with a native size comparable to that observed in WT cells). In contrast to growth
on organic N-sources, a large difference in cell yield is observed at optimal growth
conditions on ethanol between ril'T cells and per mutant cells. Compartmentalization of part
of C2-metabolism in microbodies (during which aspartate is formed) enables the cell to
control the levels of the different intermediates necessary for an optimal metabolism.
Moreover, the presence of a peroxisomal membrane may prevent the drain of an important
metabolic intermediate, oxaloacetaie, into other metabolic pathways. From the rezults
presented (chapler V and VI) we conclude that the essential function of the peroxisomal
membrane is dependent on the growth conditions employed.
h per mutant cells peroxisomal membrane proteins are localized in protein/phospholipid
aggregates (chapter VII). These aggregales do not contain matrix proteins. They are not
susceptible to carbon catabolite degradation (as is the case for peroxisomes in WT cells),
and have lost the capacity to proliferate. Furthermore, the aggregates are recognized by
heterologously expressed PMPs. Chapter VIII describes the heterologous expression in IL
polymorpha of a 47 kDa PMP (PMP47) of the yeast Candida boidinii which is specific for
thisorganism.APMP4TanaloguecouldnotbedetectedinwTcellsofH.polymorpha.
This C. boidiniiprotein was correctly 
o""á to peroxisomat membranes 
of WT Ií'
potynorpha' rt per;; ceils 
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